This study evaluated the reliability and validity of a Belgian computerized questionnaire to measure fat intake. A total of 86 adults completed a 48-item computerized fat intake questionnaire, subsequently kept a 7-day diet record, and finally completed the questionnaire again. For validity, a Pearson correlation of 0.67 for total fat intake and of 0.60 for percent energy from fat were found between the computerized questionnaire and the diet records. Gross misclassification between the two methods was 5.8% for total fat intake and for percent energy from fat. Cohen's values were respectively 0.27 and 0.29. For reliability, intraclass correlation coefficients ranged from 0.70 to 0.87 between the two administrations of the computerized fat intake questionnaire. Gross misclassification between the administrations was 1.2% for total fat intake and for percent energy from fat, values were respectively 0.64 and 0.50. These results indicate that this fat intake questionnaire has an acceptable reliability and validity.
Introduction
The Belgian population has an average fat intake of about 42% energy from fat, which is well above the recommended 30% energy from fat [1] [2] [3] . This places most of these individuals higher risk for developing chronic illnesses, such as coronary heart disease and cancer [4 -6] . Fat intake interventions are needed and food consumption assessments are necessary to evaluate the effects of these programs. When working with large sample sizes, food frequency questionnaires (FFQs) seem to be the most appropriate method for collection of nutrition data, because they are low in cost and can reach a wide range of ages and target groups [7] . Computerized assessment of FFQs can further increase these advantages, as data can be automatically stored on file, reducing hours of data entry as well as reducing coding errors and the risk of lost data [8] . They can also be programmed to eliminate missing data, requiring participants to answer all questions, and skip-patterns can be used to avoid superfluous questions (e.g., for vegetarians) [8, 9] .
A fat intake questionnaire specifically designed for the Belgian dietary habits has not previously been developed. In the present study the reliability and validity of a computerized questionnaire to measure fat intake in Belgian individuals was evaluated. The questionnaire was not designed to assess a complete diet history, but was developed to give personalized fat intake feedback to participants in a nutrition education program. The relative validity of this questionnaire was examined in relation to a 7-day estimated diet record. The reproducibility of the questionnaire is assessed by means of a test-retest procedure.
Methods and materials

Computerized fat intake questionnaire
The computerized fat intake questionnaire consists of 48 questions divided into 7 categories of food items (Table 1 ) and takes about 20 minutes to administer. The computerized self-assessment is very simple, allowing individuals with no computer literacy to obtain their fat score. The questionnaire was developed at the Ghent University in cooperation with the Flemish Institute for Health promotion (VIG). The selection of the food items was done by experienced dieticians. All food items contributing to fat intake in the usual Belgian diet were included in the questionnaire [10] . Participants were asked how frequently they consumed the food products during a usual day, week, or month. Each question was guided by several examples of the food product, mostly including brand names, and an average portion size. For each question a coefficient was calculated based on average fat content [10, 11] , average portion size [12] , and time span on the questionnaire (day, week, or month) of the food product. This coefficient was multiplied with the frequency of consumption and summed for all questions, leading to an individual total fat intake score, expressed in average grams of fat per day.
Apart from the fat intake questions some demographic characteristics were also assessed, i.e., sex, age, weight, length, education, level of physical activity, and household size. Finally, participants were asked whether they were vegetarian, cooked dinner themselves, and did household shopping themselves. Individual recommended energy intake was calculated from standard recommended energy intake tables based on height, weight, sex, age, and activity level [1] . This allowed expression of reported fat intake on the computerized questionnaire as a percentage of total energy intake, with the assumption that the respon- * Examples of food products, brand names, and portion sizes that guided these questions on the questionnaires are not shown. dents' energy intake and expenditure was in balance. The questionnaire was pilot tested among four experts and four individuals out of the potential target group. The computer questionnaire showed a good readability and understandability and was easier to administer than the paper-and-pencil version, even by participants with no computer literacy.
Reference instrument
A 7-day estimated diet record was used as a reference instrument to validate the computerized fat intake questionnaire. This method does not depend on memory, is generally accepted as a relatively valid and reliable food consumption method, and has been used before in validation studies [13] [14] [15] [16] . Together with a detailed instruction form and a standardized example of a recording, participants were given a set of prestructured forms for recording the diet for 7 days. They were asked to record all food and beverages consumed, including brand names, methods of food preparation, and ingredients or recipes of mixed dishes. They also had to describe portions sizes (in household measures, e.g., cups of coffee, spoons of sugar) and had to indicate the point in time of consumption (at breakfast, in the morning, at supper, in the afternoon, at dinner, in the evening). Participants were asked to monitor their 'habitual' food intake and to avoid any changes in diet. It was explained to them that changing their diet during monitoring would result in "wrong" advice. The record forms were inspected for completeness by dieticians and ambiguous records were resolved by asking questions of participants via telephone. The diet records were analysed using the Becel Nutrition software which calculated a mean daily individual total fat intake in grams [17] . The software used the same food composition tables and the same manual for determining portion sizes as were used in the computerized fat intake questionnaire.
Participants and procedures
Participants, aged 22-61 years, were recruited at random in and around the city of Ghent (Belgium). For each participant there were two contacts, either at the university or at participants' homes (using a portable computer). At the first contact participants completed the computerized fat intake questionnaire and were given detailed oral instruction about the diet recording, a diet recording instruction form and the 7-day diet record forms. Participants also signed an informed consent statement approved by the Ghent University Ethics Committee. Diet recording started the day after for 7 consecutive days. The second contact was immediately after the recording period. Participants returned the diet record forms and completed the questionnaire once more. As compensation, expert dietary advice was given by the dieticians to participants who complied with the study protocol.
Statistical methods
For validity, paired sample t tests were used to examine differences between the means of the computerized fat intake questionnaire and the 7-day diary. Pearson product-moment correlation coefficients were used to examine the agreement between the computerized questionnaire and the diet records. Spearman rank-order correlation coefficients were also computed but not reported, as they were very similar to the Pearson correlation. Skewed data were normalized using natural logarithmic transformations. To evaluate the ability of the questionnaire to classify individuals correctly according to broad categories of fat intake, subjects were classified into three categories of fat intake (tertiles) separately by each method. Cohen's was used to assess the degree of agreement in classification between the two methods. Gross misclassification beyond an adjacent tertile was also calculated.
For test-retest reliability, single-measure intraclass correlation coefficients (ICC) were used between the computerized fat intake questionnaire at contacts 1 and 2, and added with Cohen's and gross misclassification.
All analyses were performed using SPSS version 11.0 software (SPSS, Inc., Chicago, IL). Statistical significance was set at an ␣ level of 0.05.
Results
A total of 109 participants volunteered for this study. Of these, six dropped out during data gathering (because of time constraints or lack of motivation); five had very high fat intake measures on the computerized questionnaire (mean Ϯ 2 SD) and were classified as outliers with extreme values; and 12 returned diet records of useless quality, leaving 86 participants (45 men and 41 women) who complied with all requirements. The mean age for the overall group was 35 years; the mean BMI was 23.8 for men and 22.6 for women; and the recommended energy intake for the total group was 2656 kcal ( Table 2) .
Mean total fat intake according to the computerized fat intake questionnaire at contact 1 was 99.9 Ϯ 33.4 g/day, representing 34.2% of the total energy from fat (Table 2) . At contact 2, fat intake was 97.7 Ϯ 37.6 g/day, representing 33% of the total energy from fat. Mean fat intake according to the diet records was 97.9 Ϯ 34.1 g/day, and percent energy from fat according to these records was 33.1%. For validity, there were no significant differences between means for total fat intake and for percent energy from fat between the computerized fat intake questionnaire and 7-day diet records. Table 3 shows Pearson correlations between the computerized fat intake questionnaire and the 7-day diet records. For total fat intake a correlation of 0.67 was found. A slightly lower correlation from 0.60 was found for percent energy from fat.
Correlations were also assessed for different subgroups, although it must be realized that some subgroups were small. Higher correlations for total fat intake and for percent energy from fat intake were found for women, for participants Ͻ40 years of age, and for participants who did regular household shopping as compared to their counterparts. Remarkably lower correlations were found for participants with a high level of physical activity and participants who did not engage in regular household shopping as compared to their counterparts.
For total fat intake gross misclassification between the two methods was 5.8% (total Table 3 Pearson correlations between the computerized fat intake questionnaire and the 7-day diet records for fat intake and percent energy from fat (Table 4) . Remarkably lower gross misclassification was found for women (0%) as compared to men (11.1%). For percent energy from fat, the gross misclassification was again 5.8% (total group), and Cohen's was 0.29. Higher values were found for women (0.45) as compared to men (0.14).
For reliability, Table 5 presents the single measure intraclass correlation coefficients (ICC), expressed in grams of fat intake, for the two computerized fat intake questionnaire administrations at contacts 1 and 2. These correlations ranged from ICC ϭ 0.70 to ICC ϭ 0.87. The ICC for total fat intake was 0.86, and 0.81 for percent energy from fat. Lowest ICC was for milk and milk products (0.70). Gross misclassification between the two administrations was 1.2% for total fat intake and percent energy from fat (total group), values were respectively 0.64 and 0.50 (Table 6 ).
Discussion
If behavioral measurements such as fat intake are measured within a health promotion or educational context, it is very important that the validity and reliability of these assessment Table 4 Classification in tertiles of the computerized fat intake questionnaire compared to classification in tertiles of the 7-day diet records for fat intake and percent energy from fat; gross misclassification and Cohen's Table 5 Single measure intraclass correlations (ICC) for the computerized fat intake questionnaire between contacts 1 and 2
ICC
Fat intake (g) 0.86 % Energy from fat (%) 0.81 Bread and cereals (g) 0.85 Spreads, fillings and butter (g) 0.83 Milk and milk products (g) 0.70 Prepared meals (g) 0.87 Meat, fish, and eggs (g) 0.76 Sauce, gravy, and dressing (g) 0.74 Snacks, cake, and biscuits (g) 0.87 tools is guaranteed. In the present study the reliability and validity of a computerized questionnaire to measure fat intake was evaluated in relation to a 7-day diet record. To assess the validity of a new dietary assessment tool it is recommended that several different validation techniques be used simultaneously [18] , as there is still an ongoing debate over how validity should correctly be assessed [19] . In this study four general accepted methods are presented [9, 20] : comparison of means, correlation analysis, cross-classification, and use of statistics. On basis of means comparison it could be stated that the computerized fat intake questionnaire can estimate the mean intakes for total fat intake and for percent energy from fat at the group level, inasmuch as no significant differences were found.
Several authors reported that correlations between an FFQ and diet records Ͼ0.5 support the validity of the FFQ [9,20 -22] . In the present study a correlation of 0.67 was found for total fat intake. From this, the computerized fat intake questionnaire can be considered to be a valid assessment tool. In comparison with the review of validation studies of fat intake questionnaires with Ͻ50 questions by van Assema et al. [15] , the correlations found in this study are generally higher.
Correlations between the computerized fat intake questionnaire and the diet records for "percentage energy" from fat were somewhat lower (0.60); however, when compared to the findings of van Assema et al. [15] , they are still better than in most of the reported studies.
The majority of studies do not report separate correlations for subgroups. As mentioned earlier, these results should be interpreted with caution, as some subgroups were small. Higher correlations for female participants were found, which is consistent with other studies [9, 15] . A possible explanation is that women are more accurate in reporting diet because of greater responsibility for household cooking or shopping [15] . This could apply in this study, as 78% and 89% of the women reported respectively cooking or shopping regularly, as compared to 48% and 63% of men (data not shown). This explanation can also be confirmed by the finding that correlations for participants who do regular household shopping and cooking are respectively much higher (0.73 vs 0.31) and slightly higher (0.69 vs 0.64) compared to those who do not. As in the study by van Assema et al. [15], we found higher correlations for participants Ͻ40 years of age and participants with less education. We agree with van Assema et al.
[15] that lower or higher correlations in some subgroups might be explained by the eating patterns of these subgroup that correspond more or less with the food items that were measured on the questionnaire. Masson et al. [9] stated that statistics are meaningful for presenting associations with percentages of cross-classification. These investigators also reported that in dietary validation studies more than 50% of participants must be correctly classified into tertiles, and that no more than 10% of participants should be grossly misclassified to be acceptable. Values between 0.61 and 0.80 are described as indication of good agreement, between 0.41 and 0.60 as moderate agreement, between 0.21 and 0.40 as fair agreement, and below 0.20 as poor agreement [23] . In this study we found that for total fat intake 51% of participants were correctly classified and for percent energy from fat 52% of participants. For fat intake and for percent energy from fat 5.8% of participants were grossly misclassified. These results further support the validity of the computerized fat intake questionnaire and are in line with other validation studies [9, 15, 24, 25] . The statistics, however, showed only fair agreement for total fat (0.27) and for percent energy from fat (0.29). Acceptable agreement was only found in women for percent energy from fat (0.45). Several other validation studies also have difficulties finding acceptable values Ͼ0.4 [9, 15, 24] . This is in line with the findings of Portney and Watkins [26] , who state that this statistic is usually an underestimate of true reliability if used for continuous data, as in our study. The higher value for women can probably be explained in the same way as the higher correlations for women described earlier.
When measuring the reliability of a questionnaire, intraclass correlation coefficients (ICC) from 0.75 or higher are considered good to very good [8] . For total fat intake we found 0.86 and for percent energy from fat 0.81, indicating excellent reliability. This finding is strengthened by a very low gross misclassification and values showing good agreement. According to Cade et al. [9] , statistics in conjunction with correlation coefficients are good measures to express reliability. Reliability is often not reported when evaluating a new dietary assessment tool; however, comparable results were found in a study from van Assema et al. [15] .
This study has several limitations. The diet record method is considered as an important reference method for questionnaire validation. However, because the present study had a cross-sectional design, it remains unclear whether our computerized questionnaire is suitable to detect changes in fat intake over time. It is also a limitation that our questionnaire cannot estimate total energy intake without an unacceptable increase of questions. Finally, estimated food records were used as well as standard portion sizes for the computer questionnaire. The choice for estimated versus weighed portions to decrease the burden for the respondents could have resulted in less precise fat estimates in the present study.
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